Nowadays, new product development (NPD) is one of the most crucial factors for business success. The manufacturing firms cannot afford the resources in the long development cycle and the costly redesigns. Good product planning is crucial to ensure the success of NPD, while the Quality Function deployment (QFD) is an effective tool to help the decision makers to determine appropriate product specifications in the product planning stage. Traditionally, in the QFD, the product specifications are determined by a rather subjective evaluation, which is based on the knowledge and experience of the decision makers. In this paper, the traditional QFD methodology is firstly reviewed. An improved Hybrid Quality Function Deployment (HQFD) is then presented to tackle the shortcomings of traditional QFD methodologies in determining the engineering characteristics. A structured questionnaire to collect and analyze the customer requirements, a methodology to establish a QFD record base and effective case retrieval, and a model to more objectively determine the target values of engineering characteristics are also described.
Introduction
Successful New Product Development (NPD) is essential to manufacturing companies to make profit and even survive. However, NPD has been forged in the crucible of global competition, while the customer requirements become complicated. In order to increase the customer satisfaction, product planning is an important task to ensure the success of NPD. Good outcomes from product planning can reduce engineering changes throughout the entire product development cycle, and finally reduces the product development time and costs while increases the customer satisfactions. Quality Function Deployment (QFD) is a planning tool to translate customer requirements into product specifications [1, 12] . It has been applied in different industries, for examples, manufacturing, services and software development, since its first introduction by Prof. Yoji 
Shortcomings of the Traditional

QFD Methodology
Having examined the traditional QFD methodologies, several shortcomings have been found. The first one is the input of ambiguous voice of customers (VOC) into QFD. Decisions made in the design stage of product development are often made on the basis of incomplete, ill-structured and vague information [10] . As customer requirements is the input of QFD, it is very important to classify the customer requirements in a systematic way. However, there is a lack of systematic methods for companies.
Secondly, the degrees of the relationships between customer attributes and engineering characteristics, and the interrelationships among engineering characteristics are usually fuzzy and vague [14] . In 
The HQFD Framework
In this section, a Hybrid Quality Function [4] . Fuzzy logic is adopted to transfer linguistic data to crisp scores, which are then used to calculate overall customer satisfaction [3] .
The HQFD framework can be divided into four sections, as shown in Figure 1 . The first is to acquire customer attributes; the second is to retrieve the engineering characteristics using CBR; the third is to determine the relationships between customer requirements and engineering characteristics, and the interrelationships among engineering characteristics; and the fourth is to determine the target value of engineering characteristics. The details are explained in the following sections.
Customer Requirements Acquisitions
As the customer requirement is the baseline of the product development, the ability to correctly understand and address customer needs is key to the success of any product development effort, particularly in an environment of time-based competition [5, 23] . The difficulty in understanding and defining customer needs is one of the common problems across the companies [6] . It is reported that in about 70 percents of the failure cases of NPD, the user needs are not carefully considered and correctly identified by the development team [6] . In order to reduce the failure, a systematic way to acquire and analyze the customer requirements must be developed during the product planning stage. The importance of customer requirements could be analyzed by the analytical hierarchy process (AHP) method. It, however, does need an effective mean to collect the data. In this paper, we propose to develop a systematic and structured design of a QFD questionnaire in a 4-step approach to understand the user needs, as shown in Figure 2 . In the first step, the internal focus group members are asked to identify the quality dimensions about the product. These quality dimensions can be determined according to the past similar cases from the case library. Table 1 Table 3 .
One of the advantages of the AHP comparing with simple scoring is that AHP allows the customers give the direct comparison among the customer attributes. Simple scoring will cause excessive inaccuracy, as the customer tends to rate the all the attributes with higher scores. AHP thus provides a more objective judgment on the customer attributes.
Step 1: Quality Dimensions (The internal focus group lists the quality dimensions about product)
Step 2: Critical Incidents (Let the target customers to list the positive/negative critical examples under each quality dimension)
Step 3: Satisfaction Items (The focus group groups the Critical Incidents into Satisfaction Items, which will be the customer attributes inputted in to the QFD)
Step 4: AHP-based Questionnaire (The AHP-based questionnaire is used for customers to determine relative importance of customer attributes) After the product is developed, it will be added to the case bases, which can be considered as a self-learning feature of the system. The flowchart of the case retrieval process is shown in figure 4 . 
Quality
Case Adaptation and Evaluation to Determine the Target Value of Engineering Characteristics
Adaptation is the second step of the CBR approach. Since no historical case is ever exactly same as a new one, historical cases must usually be adapted to a new situation [15] . After the similar-case set is chosen, the adaptation process should be taken to evaluate the best engineering characteristic from the different cases. And if the new customer attributes cannot be found from the historical cases, it should be determined by judgment.
After generating the technical requirements from the historical cases or by innovative judgment, the exemplars can be built up, and the evaluation is then done to determine the proper solutions so as to satisfy the customer attributes of the new case. 
Determination of the Target
Values of Engineering characteristics 7.1 Current research in this area
Researchers have proposed several methods to improve the traditional QFD using different methods, for examples, AHP [17] , Neural Network [3, 18, 24] , knowledge-based system [18, 35] , CBR [8, 9, 11, 13, 30] and expert systems [28, 30] . Where Y is the dependent variable and X a vector of the independent variables. α =( 1 α , 2 α ,… n α ) are fuzzy parameters, and can be denoted in vector form as α ={(α m1 , α m2 ,…α mn ), (α s1 , α s2 ,…α sn )}.
Here, α mj is the center value of α j , and α sj is the width (or spread) of α j around α mj .
A symmetric triangle membership function is employed for fuzzy parameters in this paper. The centre value describes the most possible value of α j while the spread represents the precision of α j. This allows for vagueness in the functional relationships.
The spread can be found using Tanaka's linear programming formulation [26] . The fuzzy optimization scheme has been proven to be usually in modeling multiple criteria decision-making problems involving human perception, and can be posed as an equivalent crisp optimization problem as follows [37, 38] .
Find x 1 , x 2 ,…,x n , which maximize λ We could obtain different levels of flexibility between engineering constrains (i.e. 10% and 20%) and optimum solutions are found after carrying out a MINIMAX formulization whereby the spreads are minimized by maximizing the overall satisfaction. In the fuzzy model, λ denotes the overall degree of customer satisfaction when a fuzzy objective function is employed and the whole objective of the formulation is to maximize this quantity.
Illustrated Example
Customer Requirements Acquisition
ABC Stationery Company is going to develop a technical drawing pencil. The product development team is formed for this project. They are from different functional departments, namely, marketing, engineering design, production department, and etc.
They are also the members of the internal focus group. They list out all the quality dimensions related to the new product in both performance and aesthetics aspects.
A semi-opened questionnaire is used to collect the customer expectations on the new product. The customers are asked to list out the critical incidents (both positive and negative cases) about the product.
They are listed as shown in Table 5 . According to the customer requirements, the product development team translates the critical incidents to the satisfaction items, and then to customer attributes. In this illustration, under the performance dimension, we get four customer attributes, namely, "easy to hold", "does not smear", "point lasts", and "does not roll". Table 5 The questionnaire to acquire the Critical Incidents
Customer Importance determination
In this step, the customer requirements are built into a hierarchy structure (see Figure 5 ). The AHP-based questionnaire is then developed to determine the customer importance. Table 6 indicates the ratings between the quality dimensions of aesthetic and performance attributes. Table 7 shows the AHP ratings results of the customer attributes of the performance dimension. Table 8 . According to the PIR, we find two engineering characteristics from case 1 (Easy to Hold, and Point Lasts), and one engineering characteristic from case 2 (Does not Roll). However, we cannot find the same customer attribute (Does not Smear) from the historical cases (see Table 9 ). The corresponding engineering characteristics found from each case are shown as Table 10 . Figure 6 . In the proposed framework, the relationship between the customer attributes and engineering characteristics, and the interrelationship between the engineering characteristics are shown by the symbol " ". Now, we determine the target value of each system parameter, and the overall customer satisfaction of the different models. By applying the different optimization functions of the overall customer satisfaction, and constraints to the equations, we can get the overall customer satisfaction. The definitions and the formulas used in the models can be summarized as in Tables 11 and   12 . After allowing for 10% flexibility in the engineering constraints in FFF model, λ is assessed using the SOLVER in Microsoft Excel. As shown in Table 12 , this resulted in an increase in overall satisfaction levels. Flexibility levels are set on the parameters subjectively, depending on the credibility of the assessed parameters, technological feasibility and engineering tolerances. Flexibility allows for vagueness to be accounted but too much flexibility may deteriorate the validity of the system. Hence if the marginal rate of increase in customer satisfaction falls on increasing flexibility, it is revealed that the flexibility is too much (Kumar, 2001) . In this illustration, it was deemed that 20% was the maximum level of flexibility. The best result obtained was at 20% flexibility and by counter checking the values, it can be said that the optimized design values can be achieved in practice.
By comparing the results generated using the 
